The rate of decrease in the plasma concentration of indocyanine green (ICG) following a bolus i.v. injection has been studied in two groups of patients before and during anaesthesia. In eight patients anaesthetized with nitrous oxide and oxygen, and who received a neuromuscular blocking drug, induction of anaesthesia was not associated with a significant change in ICG half-life (from 4.59 to 3.85 min) but the subsequent administration of cyclopropane was associated with a statistically significant increase to 5.61 min. In a second group of anaesthetized patients, breathing spontaneously a mixture of oxygen, nitrous oxide and halothane, the induction of arterial hypotension with either lumbar extradural block or sodium nitroprusside was not associated with significant changes in ICG half-life.
Clearance of bromsulphthalein (BSP) from blood is accepted generally as a quantitative index of liver function (Rosenthal and White, 1925) , but it requires up to 45 min to perform a single test. Therefore it is unsuitable for the measurement of rapid changes in liver function. The method depends on the assumption that BSP does not leave the vascular compartment following i.v. injection other than by hepatic extraction. This assumption may be valid also for the dye indocyanine green (ICG), which is removed more rapidly by the liver than is BSP (Caesar et al., 1961) .
After the i.v. injection of ICG in an aqueous solution, the dye is bound to plasma albumin, and extracted by the liver until the plasma concentration has decreased to about 4% of the original maximum value (Cherrick et al., 1960) . Clearance of ICG after an i.v. bolus dose has been used, in man, as an index of hepatic disease, based on the principle described by Dobson and Jones (1952) . This correlates well with results obtained using BSP (Cherrick et al., 1960; Caesar et al., 1961) . However, the method has not been used widely in anaesthesia. ICG has been used for the measurement of liver blood flow and function, during anaesthesia, with a constant infusion technique (Bradley et al., 1945) , but the method requires sampling of hepatic venous blood by catheterization under radiographic control and is, therefore, unsuitable for widespread use. Infirmary of Edinburgh, and University of Edinburgh.
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We have assessed the feasibility of using ICG clearance from peripheral blood following an i.v. bolus dose to detect acute changes in liver function before and during anaesthesia. Using a constant infusion method with sampling from the right hepatic vein, Price and others (1965) established that cyclopropane anaesthesia was associated with a reduction in ICG clearance and a reduction in hepatic blood flow. Similar changes were reported by Shackman, Graber and Melrose (1953) using a constant BSP infusion method. Using the simpler technique of measuring the rate of decrease in peripheral blood concentration after the administration of an i.v. bolus dose of ICG, we have measured liver function during cyclopropane anaesthesia to see if the same changes can be demonstrated.
These measurements showed that acute changes in liver function could be demonstrated in this way. Subsequently we employed the method to determine the effects of arterial hypotension, during anaesthesia, induced by means of either sodium nitroprusside infusion or lumbar extradural block.
METHODS
A dose of 50 mg of dye in 10 ml of aqueous solution was chosen as this produced plasma concentrations which could be measured accurately using the apparatus available and is similar to the doses employed by other workers (Cherrick et al., 1960; Caesar et al., 1961) . The changes in blood concentration of ICG were measured using an earpiece densitometer (Waters XP-302) and recorded on a potentiometric flatbed recorder (Servoscribe RE511) at a paper speed of 30 mm/min for a total duration of about 12 min. Thus the method is quick and simple, with the only discomfort to the patient being that of an i.v. injection. In a preliminary study, sampling and spectrophotometric analysis of peripheral venous blood showed that the densitometer output was directly proportional to the plasma concentration of dye.
The half-life of ICG in the blood was determined from the recorded decay curve of the dye concentration. A typical record is shown in figure 1 to 3 min after injection a rapid decrease in the blood concentration was recorded as a result of distribution of dye throughout the intravascular compartment. After 10 min, the densitometer reading had decreased to a point at which accurate measurement had become difficult. In addition, there is evidence that, after this time, the rate of decrease of plasma concentration becomes less (Cherrick et al., 1960) . Therefore, densitometer readings obtained between 3 and 9 min after injection are used for analysis. Between these times, the rate of reduction of plasma dye concentration was assumed to be a single exponential process. The logarithms of the densitometer readings at 20-sec intervals from 3 to 9 min were plotted against time ( fig. 2) this period was calculated by the method of least squares. Estimation of the plasma dye concentrations at such frequent intervals by means of the earpiece was advantageous in the analysis and fitting of the data, compared with the smaller number of values that could be obtained from blood sampling. In all instances the correlation coefficient for this least squares line was greater than 0.98, indicating that, for these data, the assumption that the process may be described by a single exponential function was valid. From the slope of the line, the half-life of the dye in the circulation is calculated easily as the slope is log 2/half-life. Although small concentrations of dye could be detected spectrophotometrically in blood samples taken 20 min after a bolus injection, the deflection of the earpiece densitometer was small and changed very slowly and thus the clearance test could be repeated.
Cyclopropane anaesthesia
To assess the method during anaesthesia, cyclopropane was chosen as this has been shown previously to influence liver blood flow . After a full explanation of the procedures involved, eight patients (age range 21-45 yr), who were free from a history or clinical evidence of liver disease, agreed to take part in these investigations.
Before the administration of premedicant drugs a clearance test was performed with the patient fasted. One hour after i.m. premedication with an opiate and atropine, anaesthesia was induced with thiopentone 200-300 mg i.v. followed by tubocurarine 30-45 mg, endotracheal intubation, and maintenance of anaesthesia by artificial ventilation with nitrous oxide (3 litre/min) and oxygen (1 litre/min) using a volumecycled circle system ventilator with carbon dioxide absorber (Cape-Waine).
The minute volume used was calculated using Nunn's predictions (Nunn, 1967) to maintain Pa COt within the normal range. When the patient appeared clinically settled, and the arterial pressure (measured by sphygmomanometer and auscultation) and heart rate were stable, 50 mg of ICG was given i.v. and the changes in blood concentration of the dye were detected by the earpiece densitometer. Arterial pressure and heart rate were measured and recorded at 5-min intervals.
After 15-20 min, when the residual dye was barely detectable with the densitometer, the fresh gas flow was changed to cyclopropane (600 ml/min) and oxygen (300 ml/min) for 4 min, and then to cyclopropane (200 ml/min) with oxygen (300 ml/min) until the experiment ended (14 min after cyclopropane administration). No changes were made in the ventilator settings. Five minutes after cyclopropane administration had commenced, the ICG dose was repeated, and the densitometer readings were recorded. Although it is unlikely that a steady state had been achieved, it was felt that cyclopropane in the concentrations used would have a marked pharmacological effect during the period of ICG clearance. Surgery did not start until this last test was completed. For each patient the ICG half-life was calculated, between 3 and 9 min after ICG administration for (1) the fasting conscious state, (2) anaesthesia with nitrous oxide and (3) anaesthesia with cyclopropane.
Capillary blood samples were taken from a thumb 10 min after the start of cyclopropane administration, and analysed for Po 2 , Pco 2 and pH, using an IL 213 apparatus. One sample could not be analysed for technical reasons.
Induced hypotension
Eleven patients undergoing major gynaecological surgery were studied during hypotensive anaesthesia, which is employed frequently in this centre as a routine technique. After a full explanation of the procedures involved, all gave their consent for the study. The ages ranged from 27 to 47 yr, and no patient had any history or clinical evidence of hepatic or cardiorespiratory disease.
Each patient had an ICG clearance test performed on the day before surgery, 4 h after a light breakfast.
On the day of operation, each received premedication with diamorphine 5 mg and atropine 0.6 mg i.m. One hour later, anaesthesia was induced with thiopentone 400-500 mg and maintained with nitrous oxide (3 litre/min) and oxygen (1 litre/min) using a circle system with carbon dioxide absorption. Ventilation was spontaneous throughout, from a wellfitting face mask. Halothane 0.5% was added usually to achieve quiet spontaneous ventilation, and arterial hypotension was not induced unless there was complete satisfaction with the patency of the airway. The care of the patient was in the hands of an anaesthetist who took no part in the investigations.
Arterial pressure was measured by a sphygmomanometer and auscultation, and the mean pressure was calculated as the diastolic pressure plus one-third pulse pressure. When ventilation, heart rate and arterial pressure were stable, an ICG clearance test was performed. After 20 min, hypotension was induced using one of two methods.
In seven patients, sodium nitroprusside 0.005% was administered as a continuous i.v. infusion, and the rate was adjusted to maintain the systolic arterial pressure at 60-70 mm Hg.
In four patients, before the induction of anaesthesia, a catheter was inserted into the lumbar extradural space through either the L2-3 or L3-4 interspace. Extradural blockade was produced using 20 ml of 2% lignocaine solution. This caused a less rapid reduction in arterial pressure than the nitroprusside infusion, but to systolic pressures similar to those in the nitroprusside-treated group.
After a stable hypotensive state had been induced, a further dose of ICG was administered, and the clearance of the dye was followed. Surgery did not commence until this second clearance test had been completed.
Analysis of results
The small amount of data available in the groups did not allow testing for a normal distribution of the variable of ICG half-life. Therefore, statistical tests for significance that do not depend upon this assumption were employed. Ciculatory changes (arterial pressure and heart rate) were analysed using a paired Student's t test.
RESULTS

Cyclopropane
In the conscious fasting state, the eight patients had a mean ICG half-life of 4.59 min (range 2.83-8.83 min). During nitrous oxide anaesthesia, the mean half-life decreased to 3.85 min (range 2.83-5.33 min). Six patients showed a decrease and two an increase in half-life. During cyclopropane administration, the mean half-life increased to 5.61 min (range 3.5-7.83 min). Seven of the eight patients showed an increase in half-life during cyclopropane administration, compared with the nitrous oxide period. Using the rank sign test for paired differences, there was a significant increase in the ICG half-life from the nitrous oxide to the cyclopropane periods (P<0.05). The decrease in half-life from the conscious state to anaesthesia with nitrous oxide was not significant (table I) .
The circulatory effects of cyclopropane were of interest. Mean arterial pressure increased and heart rate decreased, both changes being significant at the 5% level.
The mean Pco 2 of the capillary specimens was 40 mm Hg (SD 5 mm Hg), mean pH 7.34 (range 7.27-7.46), and Po 2 157 (SD 43) mm Hg, in the seven subjects in whom these values were determined. Mean bicarbonate concentration (derived using the Siggaard-Andersen nomogram) was 21 m-mol/litre (SD 1.0).
Induced hypotension
In the patients who received nitroprusside, the mean half-life for ICG was 3.54 min when conscious, 3.61 min during general anaesthesia before the induction of hypotension, and 3.77 min after the induction of hypotension. These changes in half-life were not statistically significant (table II, fig. 3 ).
The mean values for the extradural group were 5.22, 5.54 and 5.67 min, for the before-anaesthesia, anaesthesia and anaesthesia-with-hypotension periods respectively. No statistical significance could be attributed to the changes (table III, fig. 3 ).
Of the total of 11 patients studied, the induction of hypotension caused an increase in the ICG half-life in four, a decrease in four, and no change in three patients.
During sodium nitroprusside infusion, the mean arterial pressure decreased from an average of 77 mm Hg to 52 mm Hg, and with extradural blockade from 79 to 57 mm Hg. The heart rate increased from 83 to 125 beat/min with sodium nitroprusside, and decreased from 77 to 70 beat/min after extradural blockade. These changes in mean arterial pressure and heart rate were all significant, at the confidence levels shown in tables II and III. ; t-P<0.01.
DISCUSSION
It is possible to analyse the removal of ICG from the blood by calculation of the half-life only if it is assumed that the extraction is a single first-order process. Richards, Tindall and Young (1959) showed that, in the dog, BSP extraction was described by two first-order processes, the slower process probably representing biliary excretion. In man, Barber-Riley and colleagues (1961) showed that analysis of data for BSP in terms of two first-order reactions often proved impossible. ICG is not conjugated before excretion, and enterohepatic recirculation does not occur (Caesar et al., 1961) . A reduction in the rate of extraction occurs after about 20 min (Cherrick et al., 1960) , and it is possible, therefore, that a slower process may be present, as in the case of BSP. Analysis of our data was not performed after 9 min of clearance, but inspection of the log concentration/ time plot beyond 10 min suggested that reduction in the rate of extraction did occur. If this were so, calculation of the half-life from the decay rate over the period from 3 to 9 min after injection might result in the lesser values being disproportionately increased. ICG half-life in fasting conscious subjects in these two experiments ranged from 2.8 to 8.83 min. This range is similar to that of the half-lives calculated from the data for normal subjects by Caesar and others (1961) . These values for ICG half-life indicate that their distribution has a positive skew, which in part justifies the fact that a distribution-dependent test of statistical significance was not employed.
It is possible that the slightly higher values obtained in this study, compared with those calculated from the data of Caesar and others (1961) , have been caused by performing the ICG clearance test while the patients were fasting. We have demonstrated in volunteers (unpublished data) that ICG half-life is significantly reduced after eating a light meal.
Although ICG clearance is used extensively as a liver function test, it has not been used widely in determining changes during anaesthesia. Clearance of a drug from the blood by the liver depends upon two principal factors. First, the efficiency of extraction of the drug from the blood presented to the liver. This may be expressed as the fractional extraction rate and will depend upon the total mass of the liver cells and the activity of the cells (fig. 4) . In normal subjects, this extraction ratio has been found to be between 60% and 90% (Cherrick et al., 1960; Reemstsma et al., 1960; Wiegand, Ketterer and Rapaport, 1960; Caesar et al., 1961) . Second, the liver blood flow controls the amount of drug presented to the liver. It has been suggested that the fractional extraction rate is exponentially related to the liver blood flow, decreasing from a maximum as the blood flow increases (Brauer, 1958) . Assessment of the contribution of each factor to any change in observed clearance requires that they be estimated separately. This necessitates catheterization of the hepatic veins and measurement of the concentration change across the liver. Apart from the technical and possible ethical problems involved, the method may be criticized for use during anaesthesia particularly, because a "steady state" is assumed in the calculation of hepatic uptake, whereas liver function may be changing. These problems are discussed by Epstein and others (1965) and Price and others (1966) , and clearly demonstrated, for BSP, in the study by Shackman, Graber and Melrose (1953) .
In many circumstances during anaesthesia, especially if light anaesthesia is used and the agents employed are known not to cause gross hepatocellular damage, it might be reasonable to assume that changes in observed clearance of agents such as ICG are primarily caused by changes in liver blood flow.
However, with cyclopropane the situation is complex, as Price and others (1965) found that ICG clearance decreased slightly more than hepatic blood flow, and although hepatic blood flow could be restored with ganglion-blocking drugs, the clearance (and therefore the extraction ratio) did not return to normal. It is possible that cyclopropane may influence both hepatic blood flow and the function of hepatic cells, and studies of hepatic oxygen uptake during anaesthesia (Libonati et al., 1973 ) support this concept.
The changes in half-life associated with cyclopropane administration in the present study are of the same order as the changes in hepatic blood flow reported by Price and others (1965) . The changes observed in the general circulation (increased mean arterial pressure and decreased heart rate) support the suggestion that circulatory factors are associated with the increase in ICG half-life. It was not the purpose of this study to determine the exact nature of these circulatory changes, but it is known that cyclopropane has complex effects, including increased sympathetic activity.
Arterial carbon dioxide tension has a marked effect on liver blood flow (Galindo, 1965; Epstein et al., 1966) . In the patients studied, capillary carbon dioxide tensions were almost within the normal range, but some variability between patients was present. As the ventilation for each patient was unaltered throughout the experiment, it is unlikely that gross changes in Pco 2 would occur between the nitrous oxide and cyclopropane periods.
As neither sodium nitroprusside nor extradural blockade has any known effect upon hepatic cell function, it is reasonable to assume that in these situations any change in ICG clearance would be caused by a change in hepatic blood flow. This assumption is supported in part by the findings of Kennedy and others (1970) that induction of hypotension by spinal anaesthesia did not cause a change in the extraction ratio for ICG. No significant change in ICG half-life was noted after the induction of hypotension in the present study, and therefore it may be stated that no substantial change in hepatic blood flow had occurred.
Induced hypotension during general anaesthesia using nitroprusside (Wildsmith et al., 1973; Adams et al., 1974) , or extradural block (Stephen, Lees and Scott, 1969) , is not associated with a reduction in cardiac output. However, the distribution of cardiac output may well be altered by hypotension. For instance, limb blood flow during anaesthesia is reduced by the induction of hypotension (unpublished data). This is probably because the vessels of the limb are already dilated greatly in the anaesthetized state, and subsequent reductions in arterial pressure cannot be accompanied by further dilatation.
Our finding that no change in hepatic blood flow occurred after induced hypotension contrasts with that of Kennedy and others (1970) , who showed that hypotension after high spinal anaesthesia was associated with a reduction in hepatic plasma flow, and of Galindo (1965) , who used implanted flowmeters in dogs to demonstrate a reduction in hepatic blood flow after the induction of hypotension by extradural blockade.
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SUMARIO
Se estudio el porcentaje de disminucion en la concentration de plasma de verde de indocianina (ICG) despues de una inyeccion intravenosa de bolo. En ocho pacientes anestesiados con oxido nitroso y oxigeno, que recibieron una droga bloqueadora neuromuscular, la induccion de anestesia no estuvo ligada a un cambio significativo en el periodo de ICG (de 4,59 a 3,85 minutos), pero la administration subsiguiente de ciclopropano se asocio con un aumento a 5,61 minotus significativo estadisticamente. En un segundo grupo de pacientes anestesiados, que respiraban espontaneamente una mezcla de oxigeno, oxido nitroso y halotano, la induccion de hipotension arterial con bloqueo extradural lumbar o nitroprusido de sodio no fuc acompaiiada de cambios significativos en el periodo de ICG.
